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Materials and Instrumentation
All chemicals obtained from Aldrich Chemical Co. were the best available purity and used without further purification unless otherwise indicated. Solvents were dried according to published procedures and distilled under Ar prior to use. UV-vis spectra were recorded on a Hewlett Packard 8453 diode array spectrophotometer equipped with a UNISOKU Scientific Instruments Cryostat USP-203A for low-temperature experiments or on a Hi-Tech Scientific (UK) SF-61 DX2 cryogenic stopped-flow spectrometer equipped with a Xe arc lamp and a KinetaScan diode array rapid scanning unit. CW-EPR spectra were taken at 5 K using an X-band Bruker EMX-plus spectrometer equipped with a dual mode
cavity (ER 4116DM). Low temperatures were achieved and controlled with an Oxford
Instruments ESR900 liquid He quartz cryostat with an Oxford Instruments ITC503 temperature and gas flow controller. The experimental parameters for EPR spectra were as follows:
Microwave frequency = 9.647 GHz, microwave power = 
Reactivity Studies and Product Analysis
All reactions were run in a 1-cm UV cuvette and followed by monitoring UV-vis spectral changes of reaction solutions, and rate constants were determined under pseudo-first-order conditions by fitting the changes in absorbance at 384 nm for 2. The intermediate 2 (0.13mM) was used in oxygen atom transfer reactions of para-substituted thioanisoles with different ρ value, such as -0.78 for 4-methoxythioanisoel, -0.31 for 4-Methylthioanisoel, -0.07 for 4-S5 fluorothioanisole, 0 for thioanisole and 0.15 for 4-bromothioanisole, in CH3CN at -40°C (Table   S1 ; Figure S2 ). Reactions were run at least in triplicate, and the data reported represent the average of these reactions.
The Mn product in the reaction solution was analyzed with EPR and ESI-MS. X-band EPR and ESI-MS spectra of the Mn product obtained in the reaction of 2 and 4-methoxythioanisole indicate that Mn II species was the major product ( Figures S3 and S4 ). Organic products formed in the oxidation of thioanisoles by 2 in CH3CN at -40 °C were analyzed by HPLC. Phenyl methyl sulfoxide (>60%) was formed as a sole product in the oxidation of thioanisoles by 2.
Spin-State Measurement by
H NMR Spectroscopy
The spin state of 2 was determined using the modified 1 H NMR method of Evans at room temperature.
S3
A WILMAD® coaxial insert (sealed capillary) tube containing only the blank acetonitrile-d3 solvent (with 1.0% TMS) was inserted into the normal NMR tubes containing the complex 2 (60 μL, 4.0 mM) dissolved in acetonitrile-d3 (with 0.1% TMS). The chemical shift of the TMS peak in the presence of the paramagnetic metal complexes was compared to that of the TMS peak in the inner NMR tube. The magnetic moment was calculated using the following equation,
where f is the oscillator frequency (MHz) of the superconducting spectrometer, T is the absolute temperature, M is the molar concentration of the metal ion, and v is the difference in frequency (Hz) between the two reference signals. 
X-ray Absorption Spectroscopy
S6
The , 21-scan average spectra for 1 and 28-scan average for 2. Data were processed by fitting a second-order polynomial to the pre-edge region and subtracting this from the entire spectrum as background. A four-region spline of orders 2, 3, 3 and 3 was used to model the smoothly decaying post-edge region. The data were normalized by subtracting the cubic spline and assigning the edge jump to 1.0 at 6555 eV using the Pyspline S4 program. Data were then renormalized in Kaleidagraph for comparison and quantification purposes.
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Theoretical EXAFS signals χ(k) were calculated by using FEFF (Macintosh version 8.4).
S5-S7
Starting structural models for 1 were obtained from the crystal structure and models for
, 2 was generated by modifying the crystal structure of 1 in Avogadro.
S8
The input structure was improved based on preliminary EXAFS fit parameters to generate more accurate theoretical EXAFS signals. Data fitting was performed in EXAFSPAK.
S9
The structural parameters varied during the fitting process were the bond distance (R) and the bond variance σ 2 , which is related to the Debye-Waller factor resulting from thermal motion, and static disorder of the absorbing and scattering atoms. The non-structural parameter E0 (the energy at which k = 0)
was also allowed to vary but was restricted to a common value for every component in a given fit.
Coordination numbers were systematically varied in the course of the fit but were fixed within a given fit.
Density Functional Theory
Calculations were done with Density Functional Theory (DFT) S10 using the Gaussian 09 package S11 and the B3LYP functional.
S12
Optimizations and single-point frequency calculations
were done with the LACVP basis set S13 (except for S, which required 6-311+G*), while a singlepoint energy evaluation was done using the LACV3P *+ basis set.
S13
All calculations (including the optimizations) were done in solvent (acetonitrile) using the CPCM scheme.
S14
Dispersion was calculated with DFT-D3 program.
S15
The quoted energy value in the text is B3LYP/ LACV3P *+ //B3LYP/LACVP value, due to issues with the reliability of free energy values.
S16
In the calculation models described below, "syn" refers to the four TMC-methyl groups being on the same side of the TMC ligand plane as OOH, while "anti" refers to the opposite configuration. factor was set at 1. The same number of independent parameters was used for 1 and 2. 
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This value is however deemed less reliable due to double counting of effects. 
This value is however deemed less reliable due to double counting of effects. 4-bromothioanisole in CH3CN at -40°C (see Table S1 ). 
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Coordinates
Coordinates are given in xyz-file format with charge/multiplicity given in parenthesis on the comment line. 
